Object. Occipital condyle fractures (OCFs) are rare injuries and their treatment remains controversial. Several classification systems have been proposed, first by Anderson and Montesano and more recently by Tuli and colleagues and Hanson and associates, who sought to stratify these fractures in a manner that would guide treatment that has typically ranged from semirigid collar immobilization to halo fixation or occipitocervical fusion. It has been the authors' impression, based on experience with OCFs at their institution, that classification is cumbersome and contributes little to the clinical decision-making process, while the identification of craniocervical misalignment and neural element compromise is paramount, and sufficient, for the planning of treatment.
F ractures of the occipital condyles are relatively rare, occurring nearly universally in the setting of high-energy blunt trauma. 2, 3 The Scottish surgeon and anatomist Charles Bell published the first case report of an OCF, discovered at autopsy, in 1817.
2 Subsequent cases were similarly described predominantly in autopsy series, with an incidence rate as high as 4% in fatal head injuries. 39 Often difficult to identify based on plain radiographs alone, OCFs are now diagnosed more frequently due to the widespread use of CT in the standard trauma evaluation. 6, 41 Occipital condyle fractures have typically been associated with lower cranial nerve palsies, particularly hypoglossal nerve injury. Of primary concern, however, is the potential of OCFs to destabilize the CCJ. [9] [10] [11] [15] [16] [17] 19, 20, 24, 26, 27, 30, 37, 40 Anderson and Montesano 2 first classified OCFs in 1988 based on the vector of force precipitating the injury (Figs. 1-3 ). In this classification system, Type I fractures result from axial loading, and the fractured condyle is comminuted with minimal or no displacement; Type II fractures result from direct trauma to the skull, and occur in conjunction with basilar skull fractures; and Type III fractures are avulsion fractures that occur from lateral flexion or rotatory forces with resultant pulling by the alar ligament. Tuli et al. 39 devised a second classification scheme in 1997 that was aimed at more effectively guiding treatment of OCFs and that broadened the definition of stability to include the integrity not only of the atlantooccipital joint but also of the atlantoaxial joint. The scheme Occipital condyle fractures: clinical decision rule and surgical management divided OCFs into 2 major categories-those without displacement of fragments (Type 1) and those with displacement of fragments (Type 2). Displaced OCFs were further subdivided into those fractures without radiographic evidence of instability of the occipitoatlantoaxial joint complex (Type 2a) and those demonstrating radiographic evidence of instability (Type 2b; Figs. [1] [2] [3] [4] .
Whereas these classification schemata help frame the discussion, the reality is that they are not well understood by the trauma, neurosurgery, or orthopedic spine communities and are not routinely used clinically. Nor have these classifications undergone multiinstitutional review with calculation of intra-and interobserver variance. Furthermore, these schemata were based on small sample sizes (the Anderson and Montesano classification is based on 6 patients; the Tuli classification is based on 3 patients and a review of the literature) and do not clearly address the 2 most important questions: is neural element compression present, and is there CCJ instability necessitating operative intervention? Subsequent larger series of OCFs in the literature have not included management or follow-up data.
In the current study, we reviewed patients with OCFs presenting to a single Level I trauma center over a 6-year period. Patient characteristics, radiographic data, treatment, and follow-up were collected and analyzed. We hypothesized that fracture classification was inconsequential and that patient management was influenced only by the presence of CCJ instability and misalignment, or neural element compression.
Methods

Data Collection
Between March 2002 and April 2008, 24,745 trauma patients were admitted to the UPMC Presbyterian Hospital, a Level I trauma center. With institutional review board approval, a query of the trauma database for OCFs yielded 314 patient records. Forty-seven of these records were excluded after it was determined that the patient was never evaluated at our main hospital and, therefore, not subjected to the same standardized evaluation by the trauma and spine trauma services. Sixty-five patients were excluded after the final radiology report from the admission CT scan of the cervical spine was found to be negative for true OCF. An additional 62 patients admitted early in March 2002 did not have imaging available for review and were excluded for this reason. Computed tomography scans of the cervical spine with sagittal and coronal reconstructions, CT scans of the head, and (for many patients) thin-slice CT scans of the skull base were available for each of the remaining 140 patients. After reviewing all of the imaging for each of these patients, we eliminated an additional 40 patients whose fractures were determined not to involve the occipital condyle. Thus, 100 patients with a confirmed fracture of the occipital condyle were identified, 6 of whom had bilateral OCFs, for a total of 106 OCFs.
The medical record was reviewed for each of these patients, and the following characteristics were recorded: age at the time of injury, sex, mechanism of trauma, presence of TBI, postresuscitation GCS score, presence of concomitant cervical spine fracture, presence of craniocervical extraaxial hematoma, laterality of OCF, presence of cranial nerve injury, initial management of the OCF, and disposition at discharge. Cause of death was recorded for those patients who died before discharge from the hospital. Each patient's CT scans and plain radiographs, obtained from the time of admission to the present day, were reviewed by the authors. The presence or absence of craniocervical misalignment was determined using the Pang rule. 32, 33 When possible, the presence or absence of craniocervical instability was determined, defined as abnormal movement at the atlantooccipital joint on dynamic flexion-extension radiographs. Each fracture was classified according to the systems of Anderson and Montesano 2 and Tuli et al. 39 
Follow-Up Data
Follow-up data were obtained from documented visits to the spine trauma clinic and from review of imaging studies obtained after discharge, including dynamic flexion-extension radiographs, static radiographs, and CT scans. In a minority of cases, follow-up imaging was obtained but not available for review, in which case a description of the study was obtained from the dictated clinic note. Loss to follow-up was defined as having undergone neither clinical evaluation in the spine trauma clinic nor delayed dynamic or CT imaging of the CCJ.
Results
Patient Characteristics
We identified 100 patients with 106 OCFs during the 6-year period covered by our retrospective review. During this period, 24,745 victims of trauma were evaluated at the UPMC Presbyterian Hospital, making the calcu- lated incidence of OCF in our population 0.4%. Seventy percent of the patients were men and the average age was 44 years. The mechanism of trauma was a motor vehicle accident in 55 patients, a fall in 34 patients, assault in 9 patients, a bicycle accident in 1 patient, and a sledding accident in 1 patient. The average GCS score was 11.8. Patient characteristics are summarized in Table 1 .
Fracture Type
Fracture characteristics are summarized in Table 2 . Six patients had bilateral fractures, while the remaining 94 patients were evenly divided between those with left-and right-sided OCF. Thirty-two percent of fractures were Anderson and Montesano Type I, 41% were Type II, and 27% were Type III. Seventy-one percent of fractures were Tuli Type 1, 27% were Type 2a, and 2% were Type 2b. Two patients had craniocervical misalignment on admission CT scans. No patient showed neural element compression. Figures 1-4 show CT images of 4 different patients in our series, illustrating each of the fracture subtypes. An example of a bilateral OCF is shown in Fig. 5 .
Associated Injuries
Fifty-six patients sustained a TBI, and the average GCS score for this subgroup was 10.1. Twenty-eight patients sustained cervical spine fractures. Five patients had an associated craniocervical extraaxial hematoma. Associated injuries are summarized in Table 3 .
Fracture Management
The management of the OCFs is summarized in Table 4 . One patient underwent up-front occipitocervical fusion for a displaced OCF associated with craniocervical misalignment (Fig. 4) . Postoperative radiographs for this patient are shown in Fig. 6 . The only other patient who exhibited craniocervical misalignment on admission was a 79-year-old man who sustained a displaced OCF in association with multiple cervical spine fractures, including a lateral mass fracture of C-1 and a Type III odontoid fracture. This patient was initially treated with a Miami J cervical collar but subsequently underwent occipitocervical fusion after he was found to have persistent occipitocervical and atlantoaxial instability on follow-up. One patient with a nondisplaced OCF underwent occipitocervical fusion for combined fractures of the atlas and axis with extension of the construct to the occiput due to an inability to place screws in C-1. One patient underwent halo fixation for bilateral OCFs despite the absence of craniocervical misalignment, whereas 3 other patients with nondisplaced OCFs underwent halo fixation for associated fractures of the atlas and/or axis. One patient was treated with a SOMI brace. Sixty-two patients (70.5%), including the patient described above, were treated with a Miami J collar. Seventeen patients (19.3%) received no specific treatment for their OCFs after being cleared clinically or radiographically (using MR imaging of the cervical spine) at the discretion of the treating surgeon before discharge. Treatment could not be ascertained from the medical records for 2 patients. Of those patients treated conservatively (that is, with a SOMI brace, Miami J collar, or no specific treatment), 33 (41.3%) had an Anderson and Montesano Type I OCF, 21 (26.3%) had a Type II OCF, 25 (31.3%) had a Tuli Type 2a OCF, and 1 (1.3%) had a Tuli Type 2b fracture associated with craniocervical misalignment requiring delayed occipitocervical fusion. Five patients with bilateral OCFs were treated conservatively.
Patient Deaths
Patient deaths according to fracture type are summarized in Table 5 . Twelve patients died prior to discharge. Eleven of these patients sustained a TBI with a mean GCS score of 6.4; 9 died of TBI and 2 died of cardiorespiratory complications of trauma. The remaining patient sustained a high cervical spinal cord injury resulting in quadriplegia and dependence on mechanical ventilation; supportive care was withdrawn at the request of the patient and his family. Of the patients deceased prior to discharge, 2 (16.7%) had an Anderson 
Follow-Up Data
Follow-up data were available for 68 (77.3%) of the 88 patients surviving to discharge. Of these 68 patients for whom follow-up data were available, 66 completed follow-up and were eventually discharged from the spine clinic with respect to the OCF. Sixty-five patients (73.9%) completed evaluation in the spine trauma clinic. Late instability could be conclusively ruled out in 28 patients (42%) who underwent dynamic flexion-extension cervical radiographs. Of the remaining 39 patients, 27 (40%) underwent static cervical radiographs and 12 patients (18%) did not receive delayed imaging. Given that all 39 patients denied any neck pain at their final clinic visit, it is unlikely that a patient was discharged from the clinic harboring unrecognized, yet clinically significant, occipitocervical instability. One additional patient was not examined in the spine trauma clinic but did undergo delayed dynamic radiographs that were available for review and were negative for instability.
Outcome Data
Outcome data are summarized in Table 6 . In all, 22 patients (25%) were lost to follow-up. Twenty patients were never seen in follow-up and underwent neither delayed dynamic radiographs nor CT imaging of the cervical spine. Two of the patients who were examined during follow-up had persistent neck pain and were kept in a Miami J collar pending dynamic radiographs. These patients, who neither returned to the clinic nor obtained the recommended imaging studies, were considered to be lost to follow-up.
Of those patients with follow-up, only 1-who had craniocervical misalignment evident on admission, but who was initially treated using a Miami J collar-underwent delayed surgery for an OCF. The remaining patients were discharged from the clinic without restrictions. Of those patients who were not seen in the clinic but who did undergo delayed radiographic evaluation, none demonstrated craniocervical instability on dynamic radiographs or craniocervical misalignment on static radiographs or CT scans. Of those patients who sustained bilateral OCFs, 2-including 1 who was initially treated using halo fixation-were examined during follow-up and discharged without restrictions. Another patient, whose initial treatment is unknown, was not observed in the clinic, but did undergo delayed dynamic radiography, which was negative for craniocervical instability. Two patients with bilateral OCFs-one treated with a Miami J collar and 1 whose initial treatment is not known-were lost to follow-up.
Discussion
Occipital condyle fractures are markers of severe blunt trauma and have the potential to destabilize the craniocervical joint. Several classification systems have been proposed. The early systems were based on fracture mechanism and morphology, whereas more recent classifications have sought to classify these fractures according to the required management, based on the identification of fracture displacement and associated craniocervical instability. 2, 3, 21, 39 These classification systems are cumbersome. For example, the Tuli classification system necessitates evaluation of the fracture for the presence of 8 markers of instability, namely the finding on CT scans and/or plain radiographs of: 1) > 8° of axial rotation of the occiput-C1 joint to 1 side; 2) > 1 mm of occiput-C1 translation; 3) > 7 mm of overhang of C-1 on C-2; 4) > 45° of axial rotation of C1-2 to 1 side; 5) > 4 mm of C1-2 translation; 6) < 13-mm distance between the posterior body of C-2 to the posterior ring of C-1; or 7) an avulsed transverse ligament; or alternatively, 8) the finding on MR imaging of evidence of ligamentous disruption. 39 Furthermore, as highlighted by Hanson et al. 21 and Aulino et al. 3 in their retrospective reviews, the definition of fracture displacement is equivocal and the criteria for instability somewhat arbitrary. Finally, the classifications differ in their recommendations for the management of stable nondisplaced OCFs and of bilateral OCFs. We reviewed the experience with OCFs at our institution over the past 6 years and found 100 patients with 106 OCFs, representing 0.4% of trauma presentations. Patient characteristics and associated injuries for our population were similar to those described in previous retrospective reviews. Craniocervical misalignment, which we defined-based on the measurements of Pang 32, 33 -as a condyle-C1 interval > 2.0 mm, was present in only 2 patients in our series. Both patients underwent occipitocervical fusion for the OCF, in 1 case after the patient, who had also sustained multiple cervical spine fractures, failed to respond to an initial treatment trial using a Miami J collar. One additional patient, who sustained fractures of C-1 and C-2 in conjunction with a unilateral nondisplaced OCF, underwent surgery for the atlantoaxial fractures with extension of the fusion to include the occiput due to an inability to place screws in C-1. One patient, who was not treated by one of the regular spine trauma surgeons at our institution, underwent halo fixation for bilateral nondisplaced OCFs. Three additional patients underwent halo fixation for fractures of the atlas and/or axis in conjunction with unilateral nondisplaced OCFs. The remaining patients surviving to discharge were treated using a rigid cervical orthosis, except in a small minority of cases in which the cervical spine was clinically or radiographically cleared and the cervical collar removed before discharge.
No patient with an intact CCJ on admission was found to have developed delayed instability or misalignment of the atlantooccipital joint on follow-up, or to require further neurosurgical treatment of the OCF. Among these were 5 patients with bilateral OCFs who were treated conservatively; follow-up was available for 3 of these 5 patients and revealed no delayed instability, misalignment, or need for further management of the OCF. No cases of delayed cranial neuropathy were found. Neural element compression resulting from an OCF was not observed. Twenty-five percent of patients were lost to follow-up. Although it has been suggested that this significant loss to follow-up, which is typical for trauma series, might lead to an underestimation of the incidence of late instability, one might argue the opposite viewpoint: namely, that the follow-up rate overestimates late instability because patients who are asymptomatic and having no problems are less likely to present in follow-up than those who are having persistent pain or a deficit. Nevertheless, it is not possible to quantify the effects of loss to follow-up on our results, nor would it be meaningful to attempt a "worstcase-scenario" analysis by assigning a poor outcome to those patients lost to follow-up, as this group of patients must remain just that-lost to follow-up and, therefore, to any further analysis.
Based on the results from our series, which is the largest to date and in which no cases of delayed craniocervical instability were found, we conclude that beyond the identification of craniocervical misalignment using reconstructed CT, classification of OCFs does not add to the clinical decision-making process. Thus, while our results support the assertion by Tuli et al. that Type 2b OCFs require surgical intervention, we believe that the criteria for identifying this small subgroup of patients may be considerably simplified: CCJ misalignment may be identified by examination of the occiput-C1 joint on reconstructed CT images. The other indication for surgery is neural element compression by fracture fragments or an associated hematoma, although there were no instances of this in our series.
We recommend that patients with an OCF resulting in craniocervical misalignment undergo surgical stabilization using occipitocervical fusion, except when contraindicated by the severity of the patient's polytraumatic injuries. For those patients with an OCF not accompanied by craniocervical misalignment, we recommend treatment with a Miami J collar or equivalent rigid cervical orthosis. Patients treated conservatively should undergo follow-up in the spine trauma clinic, and delayed dynamic radiographs of the CCJ should be obtained at 6 weeks following injury, or at the discretion of the treating surgeon. A simplified treatment algorithm is shown in Fig.  7 . A prospective study is necessary to investigate whether cervical collar immobilization is required in the absence of craniocervical misalignment.
Conclusions
Occipital condyle fractures occur in 0.4-0.7% of all patients with major trauma who survive to the emergency department. Occipital condyle fractures precipitating disruption of the occiput-C1 joint should be treated using occipitocervical fusion, which represented 2% of fractures in our series. In the absence of CCJ misalignment or neural element compression, occipital fractures may be treated using a rigid cervical orthosis for 6 weeks. Further classification of OCFs does not assist in the clinical decision-making process. This clinical decision can be made irrespective of whether the fracture is unilateral or bilateral.
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